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SPECIFICATION 

PHOTOSENSITIVE RESIN COMPOSITION AND METHOD OF FORMING A PATTERN 

USING THE COMPOSITION 

TECHNICAL FIELD 
[0001] 

The present invention relates to a photosensitive resin 
composition and a method of forming a pattern using the 
composition, which enable to form a minute resin by a resin 
pattern formation using a photolithographic technique. More 
specifically, the present invention relates to a photosensitive 
resin composition having high-sensitivity and high-resolution, 
which enables to form 10 ym order of refined resin pattern, and 
a method of forming a pattern using the composition. 

BACKGROUND ART 
[0002] 

Recently, by accompanying downsizing in a field of 
electronic parts, a need for photoresist, capable of forming 
"a resin pattern with several-tens of \im to several-hundreds 
of \im" with a high aspect ratio which enables to form refined 
resin, has arisen. 
[0003] 

However, conventional photosensitive resin compositions 
containing a novolalc resin and diazonaphthoquinone as a 
photoacid generator, were difficult to yield a profile of high 
aspect ratio to a thickness of several-hundreds of ym. This 
is because a diazonaphthoquinone type photoacid generator has 
a high absorption in the near-ultra violet region used in an 
exposure process, which brings a significant difference in 
exposure intensity between the top and bottom surfaces of a thick 
film, thereby resulting resin patterns having a tapered or 
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distorted profile . 
[0004] 

Against such a background, based on the discussions of 
photosensitive resin compositions containing the epoxy resin 
and an acid generator, photoresist capable of realizing a 
pattern profile with a high aspect ratio has been suggested. 

[0005] 

This type of photoresist already reported include a 
photo-setting composition (Patent Document 1) composed of an 
epoxy-f unctional novolak resin, any of cation-generating 
photo-initiators such as triarylsulf onate, and a diluent 
capable of reacting to an epoxy functional group, the 
composition being completely photo-cured into one with a 
hard-to-peel property, and a photo-setting composition (Patent 
Document 2) composed of a multi-functional biphenol A 
formaldehyde-no vol ak resin, triphenylsulf onium 

hexaf luoroantimonate which is an acid generator, and 
cyclopentanone which is a diluent, and allowing for thick film 
formation . 
[0006] 

On the other hand, various kinds of acid generators other 
than diazonaphthoquinone type acid generators have been 
developed to provide a highly-sensitive resin composition for 
photo-shaping. One of these acid generators is, for example, 
an aromatic sulf onium cation polymerization initiator . For the 
photosensitive resin composition using any of these acid 
generators as an improving factor, for example, a resin 
composition (Patent Document 3) containing a cation 
polymerizing organic compound and an energy ray-sensitive 
cation polymerization initiator have been suggested. 
[0007] 

Patent Document 1: Japanese Patent Publication No . 
7-78628 B 



Patent Document 2: United States Patent No. 6391523 
Patent Document 3: Japanese Patent Application Laid- 
Open No. 9-268205 A 

DISCLOSURE OF THE INVENTION 
[0008] 

However, such a problem has arisen that in conventional 
photosensitive resin compositions using a multi-functional 
epoxy resin such as novolak resin, contained cation initiator, 
for example, triphenylsulf onium hexaf luoroantimonate has a low 
sensitivity. Therefore, it is necessary to include a large 
content of initiator to the resin composition, thereby 
reproducing a mask pattern inexactly onto a resin pattern. 
[0009] 

In the aforementioned situation, an object of the present 
invention is to provide a photosensitive resin composition 
having high sensitivity, which allow for forming patterns having 
a high resolution, namely low shrinkage in volume during a 
heat-setting process and high aspect ratio profile, and a method 
of forming a pattern using the resin composition. 
[0010] 

The inventors of the present invention have intensively 
conducted many experiments and discussions in improving the 
sensitivity and resolution of the photosensitive resin 
composition in order to achieve the aforementioned object. 
They successfully discovered that resin patterns having a 
high-sensitivity, a low shrinkage in volume during a 
heat-setting process and a high aspect ratio profile may be 
formed by combining a multi-functional epoxy resin and a 
specific acid generator to prepare a photosensitive resin 
composition and forming resin patterns using the photosensitive 
resin composition. 
[0011] 



The present invention is based on the aforementioned 
knowledge, and the photosensitive resin composition according 
to the present invention comprises a multi-functional epoxy 
resin and a cation polymerization initiator represented by the 
following general formula (1) shown below. 
[0012] 




[0013] 

In general formula ( 1 ) , Xi and X2 indicate any of a hydrogen 
atom, a halogen atom, a hydrocarbon group which may contain an 
oxygen atom or a halogen atom and an alkoxy group to which a 
substituent may bond, respectively, and they may be identical 
to or different from one another. Y indicates any of a hydrogen 
atom, a halogen atom, a hydrocarbon group which may contain an 
oxygen atom or a halogen atom and an alkoxy group to which a 
substituent bonds . 
[0014] 

The aforementioned multi-functional epoxy resin is 
desirably a multi- functional bisphenol A novolak epoxy resin, 
and the aforementioned cation polymerization initiator is 
desirably a compound represented by the following chemical 
formula (2) shown below. 
[0015] 
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(2) 



[0016] 

Moreover, the aforementioned photosensitive resin 
composition may contain a linear polymeric bifunctional epoxy 
resin as any other additives . Further, it may contain a naphthol 
type sensitizer. Furthermore, it may contain y- butyrolactone 
as a solvent and may contain an oxetane and epoxy derivatives. 
[0017] 

In addition, a photosensitive resin composition laminate 
according to the present invention is characterized in that at 
least one side, preferably both sides, of a photosensitive resin 
composition layer obtained from the photosensitive resin 
composition are protected with a protective film. The 
protection of at least one side of the photosensitive resin 
composition layer with the protective film allows the 
photosensitive resin composition laminate to be stored, for. 
example, in the form of rolled sheet. 
[0018] 

Namely, when being actually used, the photosensitive resin 
composition according to the present invention may be in the 
form of film (photosensitive resin composition laminate) , 
wherein one or both sides of the photosensitive resin 
composition layer obtained from the photosensitive resin 
composition is protected with a resin film (protective film) . 
Subsequently, cured resin patterns may be formed by attaching 



the photosensitive resin composition layer with the resin 
film(s) (protective film(s)) peeled away to a portion in which 
patterns to be formed^ and then by applying the pattern exposure, 
development and heat-treatment processes . 
[0019] 

In the case where a polyethylene terephthalate film is used 
for the resin film (protective film) to be attached on one side, 
the resin film (protective film) to be attached on the other 
side is preferably selected from the group consisting of a 
polyethylene terephthalate film, a polypropylene film and a 
polyethylene film, 
[0020] 

Moreover, the method of forming a pattern according to the 
present invention is characterized in that it involves the 
processes of laminating the aforementioned photosensitive 
resin composition on a desired substrate, drying the 
photosensitive resin composition, exposing a radiation beam on 
the photosensitive resin composition layer to form given 
patterns, developing the beam-exposed resin composition, and 
heat-treating the resulting resin patterns to yield cured resin 
patterns of given shapes. 
[0021] 

In the method of forming a pattern according to the present 
invention, to laminate the photosensitive resin composition on 
the desired substrate, the aforementioned film of 
photosensitive resin composition laminate may be attached on 
the substrate. Alternatively, solution of the photosensitive 
resin composition may be applied to the substrate and then dried. 

EFFECTS OF THE INVENTION 
[0022] 

According to the photosensitive resin composition and the 
method of forming a pattern of the present invention, resin 
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patterns with a high-sensitivity, a low shrinkage in volume 
during a heat-setting process and a high aspect ratio profile 
may be formed. This has such an effect that fine resin molding 
may be achieved at a favorable dimensional stability. 

BEST MODE FOR CARYING OUT THE INVENTION 
[0023] 

Embodiments of the present invention will be explained 
below . 

The present invention provides a photosensitive resin 
composition containing a multi-functional epoxy resin and a 
cation polymerization initiator represented by the 
aforementioned general formula (1) . A combination of the 
multi-functional epoxy resin and the cation polymerization 
initiator allows for forming resin patterns with a 
high-sensitivity, a low shrinkage in volume during a 
heat-setting process and a high aspect ratio profile. Any of 
various combinations may be accepted and in particular, a 
combination of a 8-functional bisphenol A novolak epoxy resin 
(product name : "EPICOAT 1 57S7 0 " , supplied from Japan Epoxy Resin 
Co., Ltd) and 4- { 4- ( 2 -chlorobenzoyl ) 

phenylthio }phenylbis {4-f luorophenyl) sulfonium 

hexaf luoroantimonate (product name: ADEKA OPTOMER SP-172, 
supplied from ASAHI DENKA Co., Ltd) which is a compound 
represented by the aforementioned chemical formula (2) , is most 
preferable, taking the . effects to be achieved into 
consideration . 
[0024] 

The aforementioned cation polymerization initiator, 
which causes cations to generate at a high efficiency when a 
radiation beam is irradiated, may be contained in a relatively 
small amount. The combination of the aforementioned cation 
polymerization initiator and the aforementioned 
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multi-functional epoxy resin may vastly improve a sensitivity 
of the photosensitive resin composition. Moreover, it is 
suggested that the aforementioned cation polymerization 
initiator has the aforementioned favorable effects because it 
has a specific affinity to the aforementioned multi-functional 
epoxy resin, in particular, epoxy groups in molecules of the 
aforementioned multi-functional bisphenol A novolak epoxy 
resin, which may be efficiently catalyzed by the initiator 
thereby facilitating a polymerization. Further, by the 
aforementioned combination, an effect of a low shrinkage in 
volume during a heat-setting process of the photosensitive resin 
composition layer may be provided. Therefore, by using the 
photosensitive resin composition according to the present 
invention, it is possible to form a resin pattern having a high 
aspect ratio profile, not only a high-sensitivity, but also a 
low shrinkage in volume during a heat-setting process. As a 
result, an intended resin molding may be achieved at a high 
dimensional stability. 
[0025] 

The multi-functional epoxy resin according to the present 
invention may be any of epoxy resins, which contain a sufficient 
number of epoxy groups in one molecule to form thick film 
patterns, and is not limited to specific ones. The 
multi-functional epoxy resins, which may be used in the present 
invention, include, for example, a phenol novolak epoxy resin, 
orthocresol novolak epoxy resin, triphenyl novolak epoxy resin 
and a bisphenol A novolak epoxy resin. Among these compounds, 
the multi-functional bisphenol A novolak epoxy resin is 
preferable, of which functionality is preferably 5-functional 
groups or more. In particular, a 8-functional bisphenol A 
novolak epoxy resin (product name: "EPICOAT 157S70", supplied 
from Japan Epoxy Resin Co., Ltd.) and an average of 
6 . 4-f unctional bisphenol A novolak epoxy resin (product name: 
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"EPICLON N-885", supplied from DAINIPPON INK AND CHEMICALS 

INCORPORATED) are preferable. 

[0026] 

The aforementioned multi-functional bisphenol A novolak 
epoxy resin is preferably a resin represented by the following 
general formula (3) shown below. 
[0027] 




(3) 



[0028] 

The epoxy group of the bisphenol A novolak epoxy resin 
represented by the aforementioned general formula (3) may be 
either a bisphenol A epoxy resin or a polymer polymerized with 
a bisphenol A novolak epoxy resin. In the aforementioned 
general, formula (3), Ri to Re are independently H or CH3/ 
respectively. "n" indicates a 0 (zero) or larger integer, which 
represents a repeating unit. 
[0029] 

A softening point of the aforementioned multi-functional 
epoxy resin is not specifically limited as far as it remains 



in a solid form at an ordinary temperature. In a case of forming 
a dry film resist, since softening at a temperature 

(approximately 40 °c) near an ordinary temperature is not 
preferable, it must be softened by heating in a laminating 
process. From this standpoint, the softening point of the 
aforementioned multi-functional epoxy resin is preferably 50 
to 100 °c, more preferably 60 to 80 °c . 

[0030] 

If a composition ratio of the aforementioned 
multi-functional epoxy resin in the photosensitive resin 
composition is too high, the composition coated on a substrate 
has a lower sensitivity, leading to failure to endure actual 
use. On the contrary, a too low composition ratio is not 
preferable because a resulting cured coating film may be brittle . 
From this standpoint, the aforementioned composition ratio is 
preferably 80 to 99.9%, more preferably 92 to 99.4%. 
[0031] 

The cation polymerization initiator according to the 
present invention is a compound for generating cations when the 
compound being irradiated by any of radiation beams including 
an ultra violet ray beam, a far ultra-violet beam, any of excimer 
laser beams such as KrF and ArF, a X-ray beam and an electron 
beam, and the generated cations can be act as a polymerization 
initiator . 
[0032] 

The aforementioned cation polymerization initiator is 
preferably a compound represented by general formula (1) shown 
below. 
[0033] 
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[0034] 

In the aforementioned general formula (1), Xi and X2 
indicate any of a hydrogen atom, a halogen atom, a hydrocarbon 
group which may contain an oxygen atom or a halogen atom or an 
alkoxy group to which a substituent may bond, respectively, and 
they may be identical to or different from one another. The 
Xi and X2 are preferably halogen atoms, among them, more 
preferably fluorine atoms among halogen atoms. 
[0035] 

In the aforementioned general formula (l), Y indicates a 
hydrogen atom, a halogen atom, a hydrocarbon group which may 
contain an oxygen atom or a halogen atom or an alkoxy group to 
which a substituent may bond. The aforementioned Y is 
preferably a halogen atom among them, more preferably a chlorine 
atom among halogen atoms, 
[0036] 

The aforementioned cation polymerization initiator 
includes, for example, 4- ( 4-benzoylphenylthio) phenyldiphenyl 
sulf oniumhexaf luoroantimonate, 

4- (4-benzoylphenylthio ) phenylbis (4-hydroxyethyloxyphenyl ) su 
If oniumhexaf luoroantimonate , 

4- (4-benzoylphenylthio) phenylbis ( 4-f luorophenyl ) sulf oniumhe 
xaf luoroantimonate , 

4- ( 4-benzoylphenylthio ) phenylbis ( 4-chlorophenyl ) sulf onium 
hexaf luoroantimonate , 

4- { 4- ( 2-chlorobenzoyl ) phenyl t hi o } phenylbis ( 4-f luorophenyl) s 



ulf oniumhexaf luoroantimonate , 

4- { 4- (3-chlorobenzoyl) phenylthio }phenylbis (4-f luorophenyl) s 
ul f oniumhexaf luoroantimonate, 

4- {4-benzoylphenylthio) phenylbis {4-methylphenyl ) sulfoniumhe 
xafluoro ant intonate, 

4- (4-benzoylphenylthio) phenylbis ( 4 -hydroxy e thy Iphenyl ) sulf o 
niuinhexaf luoroantimonate / 

4- { 4- ( 4-hydroxyethyloxybenzoyl ) phenylthio } phenylbis ( 4- f luor 
ophenyl ) sulf oniumhexafluoro ant imonate, 

4- { 4- ( 4-hydroxyethyloxybenzoyl ) phenylthio } phenyl diphenylsul 
f on iumhexaf luor o ant imonate , 

4- { 4- (4-hydroxyethyloxybenzoyl ) phenylthio } phenylbis ( 4 -hydro 
xyethyloxyphenyl ) sulf oniumhexaf luoroantimonate, 
4- ( 4-benzoylphenylthio) phenylbis (4-methoxyethoxyphenyl ) sulf 
oniumhexaf luor oant imonate, 

4- { 4- ( 3-methoxybenzoyl ) phenylthio }phenyldiphenylsulfoniumhe 
xaf luor oant imonate, 

4- { 4- ( 3-methoxycarbonylbenzoyl ) phenylthio } phenyl diphenylsul 
f oniumhexaf luor oant imonate, 

4- { 4- (2-hydroxymethylbenzoyl ) phenylthio } phenyl diphenylsul fo 
niumhexaf luoro ant imonate , 

4- { 4- ( 4-methylbenzoyl ) phenylthio } phenylbis ( 4-f luorophenyl ) s 
ul f oniumhexaf luor oant imonate , 

4- { 4- ( 4-methoxybenzoyl ) phenylthio } phenylbis { 4-f luorophenyl ) 
sul f oniumhexaf luor oant imonate, 

4- { 4- ( 4- f luorobenzoyl ) phenylthio } phenylbis ( 4-f luorophenyl ) s 
ul f oniumhexaf luoroant imonate, and 
4- { 4- (2-methoxycarbonylbenzoyl ) phenylthio } phenylbis ( 4-f luor 
ophenyl) sul f oniumhexaf luoroantimonate . Among these compounds, 
4- (4-benzoylphenylthio) phenyldiphenylsulf oniumhexaf luoroant 
imonate, 

4- (4-benzoylphenylthio) phenylbis ( 4-hydroxyethyloxyphenyl ) su 
If oniumhexaf luoroantimonate , 
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4- (4-benzoylphenylthio) phenylbis ( 4- f luorophenyl) sulf oniumhe 
xaf luoroantimonate, 

4- {4-benzoylphenylthio) phenylbis ( 4-chlorophenyl ) sulf oniumhe 
xaf luoroantimonate, or 
4- { 4- ( 3-chlorobenzoyl ) phenyl thio } phenylbis ( 4 -f luorophenyl ) s 
ulf oniumhexaf luoroantimonate is more preferable and 
4- { 4- (2-chlorobenzoyl) phenyl thi o } phenylbis ( 4- f luorophenyl ) s 
ulf oniumhexaf luoroantimonate (product name: "ADEKA OPTPMER 
SP-172", Asahi Denka Kogyo KK) represented by chemical formula 
(2) shown below is most preferable. 
[0037] 




[0038] 

A too high constitutive percentage of the aforementioned 
cation polymerization initiator in the aforementioned 
photosensitive resin composition is not preferable because the 
aforementioned polymeric composition is difficult to be 
developed. On the contrast, a too low percentage is not also 
preferable because a longer time is required for curing the 
aforementioned polymeric composition by exposing a radiation 
beam. Taking these points into consideration, the 
aforementioned constitutive percentage is preferably 0 . 1 to 10%, 
more preferably 0.5 to 5%. 
[0039] 
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The aforementioned photosensitive resin composition may 
further contain a linear polymeric 2-functional epoxy resin for 
improving its film- forming performance • 
[0040] 

The aforementioned linear polymeric 2-functional epoxy 
resin is preferably a resin represented by general formula (4) 
shown below. 
[0041] 




[0042] 

The aforementioned general formula (4), R7 to Rio are H 
or CH3/ respectively, ^^m" is a 0 (zero) or larger integer^ which 
expresses the number of a repeating unit. 
[0043] 

The aforementioned linear polymeric 2-functional epoxy 
resin is not specifically limited and any of those, which is 
polymerized with a bisphenol A epoxy or a bisphenol F epoxy and 
have any weight-average molecular weight preferably ranging 
from 2000 to 7000 is preferable and any of those, which have 
any weight-average molecular weight ranging from 3000 to 5000 
is more preferable. In the case of the linear polymeric 
2-funGtional epoxy resins having a weight-average molecular 
weight of 2000 or smaller, their film-forming performance is 
not improved, while those having a weight-average molecular 
weight of 7000 or larger are not fused together with any 
multi-functional epoxy resin. Specifically, a bisphenol A 
epoxy resin (product name: "EPICOAT 1009", a weight-average 
molecular weight 3759, Japan Epoxy Resin Co., Ltd.) is in 
particular preferable. Note that the weight-average molecular 
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weight may be determined by gel permeation chromatography. 
[0044] 

The aforementioned photosensitive resin composition may 
further contain a naphthol sensitizer. A too high sensitivity 
of the photosensitive resin composition may make the dimensions 
of resulting resin patterns thicker than those of a mask when 
a radiation beam is irradiated with a space between them. Such 
an increase in thickness may be controlled at no cost of its 
sensitivity by containing the naphthol sensitizer. Thus^ the 
addition of the naphthol sensitizer is preferable because any 
error occurring between the dimensions of the mask and resist 
patterns may be controlled. 
[0045] 

The aforementioned naphthol sensitizer includes, for 
example, 1-naphthol, p-naphthol, a-naphthol methylether, and 
a-naphthol ethylether. Taking an effect of controlling an 
increase in thickness of the aforementioned resist at no cost 
of its sensitivity, among them, 1-nephthol is most preferable. 
[0046] 

A too high constitutive percentage of the naphthol 
sensitizer in the aforementioned photosensitive resin 
composition is not preferable because the resulting patterns 
have inversely-tapered shapes and their line widths are too thin. 
Taking this point into consideration, the aforementioned 
constitutive percentage is preferably O.to 10%, more preferably 
0.1 to 3%. 
[0047] 

The aforementioned photosensistive polymeric composition 
may further contain a solvent. Containing the solvent may 
improve the sensitivity of the photosensitive resin composition. 
This type of solvents include, for - example, 
propylenegl ycolmonomethyl ether acetate (hereinafter, simply 
referred to as "PGMEA"), methylisobutylketone (hereinafter. 



simply referred to as "MIBK"), butylacetate, methylamylketone 
{2-heptanone) / ethyl acetate, and methylethylketone 
(hereinafter, simply referred to as "MEK") . 
[0048] 

In the case where a liquid resist is used among the 
aforementioned solvents, ybutyrolactone is preferable because 
it reacts to and is incorporated into the resist. In the case 
of a dry resist, PGMEA, MIBK, but ylacetate , or MEK is preferable 
because any of them has superior wettability with a base film 
and surface tension. 
[0049] 

The aforementioned photosensitive resin composition may 
further contain oxetane and epoxy derivatives. In the case 
where a dry film resist is formed, containing the oxetane and 
epoxy derivatives may increase flexibility of the 
photosensitive resin composition being not yet cured at no cost 
of the physical properties of the cured photosensitive resin 
composition. This type of oxetane derivatives are not 
specifically limited and specifically include, for example, 
3- ethyl-3hydroxymethyl oxetane, 

1, 4-bis [ [ { 3~ethyl-3-oxetanyl ) methoxy ] methyl ] benzene, and 
di [ l~ethyl ( 3-oxetanyl ) ] methylether . These epoxy derivatives 
include the bisphenol A epoxy resin and the bisphenol F epoxy 
resin, both of which have a weight-average molecular weight of 
7000 or smaller, preferably 2000 or smaller, more preferably 
1000 or smaller. Specifically, the bisphenol A epoxy resin 
(product name : "EPICOAT 82 8 " , a weight-average molecular weight 
380, Japan Epoxy Resin Co., Ltd.) may be given as an example. 
Note that the weight-average molecular weight may be determined 
by gel permeation chromatography. 
[0050] 

The photosensitive resin composition of the present 
invention may further contain a commonly used miscible additive 
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(s), for example, a resin, an elasticizer, a colorant, and a 
surfactant, if desired, to improve the performance of resulting 
patterns . 
[0051] 

In actual applications, the photosensitive resin 
composition of the present invention may be used as a cured film 
by applying its solution, or a dry film (photosensitive resin 
composition laminate) , of which at least one side, preferably 
both sides of a photosensitive resin composition layer made of 
the photosensitive resin composition is protected with a resin 
film (protective film) , is formed so that it may be attached 
on a desired base prior to pattern exposure. In the case where 
a polyethylene terephthalate film is applied to one side of the 
photosensitive resin composition layer made of the 
photosensitive resin composition as the aforementioned resin 
film (protective film) , any polymeric film of polyethylene 
terephthalate film, polypropylene film, and polyethylene film 
is preferably used as the protective film on the other side. 
[0052] 

As mentioned above, by providing the photosensitive resin 
composition as a film (photosensitive resin composition 
laminate) , the processes for applying it on the base and drying 
it may be omitted, allowing for easier pattern formation using 
the photosensitive resin composition of the present invention. 
[0053] 

The photosensitive resin composition of the present 
invention is dissolved in a solvent, applied on the desired base, 
namely, any of substrates such as silicone wafer and then dried 
to form a photosensitive resin composition layer, that layer 
being exposed to a radiation beam for patterning, and then 
treated with a developing solution. By following these 
processes, favorable resin patterns, which exactly reflect the 
mask patterns, may be formed independently of the base to be 
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used* The resulting resin patterns may be heat-treated to yield 

given shapes of cured resin patterns. 

[0054] 

Alternatively, by forming the photosensitive resin 
composition into a dry film (photosensitive resin composition 
laminate) , peeling away the protective film from the 
aforementioned dry film (photosensitive resin composition 
laminate) and then attaching it on the desired base, exposing 
a radiation beam on the resulting photosensitive resin 
composition layer, and developing it with a developing solution, 
favorable resin patterns, which exactly reflect mask patterns, 
may be formed independently of the base to be used. This method 
allows for fine resin formation at a superior dimensional 
stability necessary for forming electronic devices, for example, 
an ink jet and a recording head. The resulting resin patterns 
can be heat-treated to yield given shapes of cured resin 
patterns . 

EXAMPLES 
[0055] 

Now, preferred embodiments of the present invention are 
in detail described. The embodiments given herein are intended 
to provide informative examples for suitably illustrating the 
present invention and not intended to limit the present 
invention. 
[0056] 

[Photosensitive resin composition] 

(Examples 1 to 6, Comparative Examples 1 to 5) 

By mixing a multi-functional epoxy resin, an initiator, 
and any other component (s) based on a composition (parts by mass 
for a unit) listed in Table 1 shown below, a photosensitive 
composition was prepared. 
[0057] 
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Note that in Table 1, A-1, A-2, B-1 to B-4, C, D-1, 
E-1, E-2, F and G indicate substances listed below, 
respectively. 

(A-1) : Multi-functional bisphenol A novolak epoxy resin 
(product name: "EPICOAT 157S70", Japan Epoxy Resin Co-, Ltd.) 

(A-2) : Multi-functional bisphenol A novolak epoxy resin 
(product name: "EPICLONE N-885", DAINIPPON INK AND CHEMICALS 
INCORPORATED) 

(B-1): Cation polymerization initiator (product name: 
"ADEKA OPTOMER SP-172", Asahi Denka Kogyo KK) 
(B-2) : 

4-phenyl thiophenyldiphenylsulf oniumhexaf luoroant imonate 
(B-3) : 

4 f 4 -bis [di ( (5 -hydroxy ethoxy) phenylsulf onio] phenyl sulfide-bis 
-hexaf uloroantimonate (product name: "ADEKA OPTOMER SP-170", 
Asahi Denka Kogyo KK) 

(B-4): lodonium PF 6-salt initiator (product name: 
"WPI-003, WAKO Pure Chemical Industries, Ltd.) 

(C) : Polymeric 2-functional epoxy resin (product name: 
"EPICOAT 1009", Japan Epoxy Resin Co., Ltd.) 

(D-1) : Sensitizer, 1-naphthol 

(D-2) : Sensitizer, dibutylanthracene 

(E-1): Solvent, y-butyllactone 

(E-2) : Solvent, MIBK 

(F) : Oxetane derivative, 
l,4-bis{ [ ( 3-ethyl-3-oxetanyl ) methoxy]methyl }benzene 

(G) : Levelling agent (product name : PAINTADM, Dow Corning 
Corporation) 

[0058] 

[Patterning of photosensitive resin composition] 
(Examples 1 to 4, Comparative Examples 1 to 5) 

The resulting photosensitive resin composition was 
applied on a silicone wafer using a spin coater and then dried 
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to yield a photosensitive resin composition layer with a film 
thickness of 30vim. The photosensitive resin composition layer 
was pre-baked on a hot plate at 60 ""c for five minutes and then 
at 90 °c for five minutes. Then, a parallel light aligner (mask 
aligner, producted by Canon Inc.) was used to apply pattern 
exposure (proximity, GHI ray beam) , the beam-exposed layer was 
heated (PEB) on the hot plate .at 90 °c for five minutes, and 
subjected to the development process by maceration using PGMEA 
for four minutes. Then, the developed resin patterns formed 
on the substrate were together post-baked in an oven at 200 °c 
for one hour to yield the cured resin patterns on the substrate. 
[0059] 

[Patterning of photosensitive resin composition] 

(Examples 5 to 6) 

The resulting photosensitive resin composition was 
uniformly applied on a polyethyleneterephtalate (PET) film 
(support film, Teijin Ltd.) with a film thickness of 38pm with 
a molding lubricant, and dried at 65 °c for five minutes and then 
at 80 °c for five minutes in a hot-air convection drier. Then, 
the PET (protective film) with a film thickness of 25]jm with 
the molding lubricant applied was laminated on an exposed 
surface of the photosensitive resin composition to form a dry 
film resist (hereinafter, simply referred to as "DFR") having 
a photosensitive resin composition layer with a film thickness 
of 3 0)jm, 
[0060] 

The DFR, after its protective film was peeled away, was 
laminated on the silicone wafer under the conditions, a roll 
temperature of 80 °c, an air-pressure of 2 kg/cm^ and a deposition 
rate of 0.5 m/min to yield the photosensitive resin composition 
layer. On the photosensitive resin composition layer, pattern 
exposure (proximity, GHI ray beam) was applied using the 
parallel light aligner (mask aligner. Canon Inc.). 
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Subsequently, it was PEB-treated on the hot plate at 90 ''c for 
five minutes and subjected to the development process by 
maceration using PGMEA for four minutes. Finally, the 
developed resin patterns were post-baked in the oven at 200 °c 
for one hour to yield the cured resin patterns on the substrate. 
[0061] 

[Evaluation of the photosensitive resin composition] 

After the development process, required exposure amount 
for the aforementioned photosensitive resin composition layers 
were evaluated as follows. The result from the evaluation was 
summarized in Table 1 shown below. . 

Note that in Table 1, "exposure amount" indicates the 
required exposure amount and "thin wire adherence" indicates 
a highest-density wire width within the formed resist patterns 

(an average wire width in the case where the radiation beam is 
irradiated on the aforementioned photosensitive resin 
composition layer through the mask with a wire width of 6]im) . 
The thin wire adherence parameter was evaluated only for 
Examples 1 and 2. Heat shrinkage (%) during a post-baking 
process is a ratio in dimension (shrinkage) between the patterns 
before and after the post-baking process. 

[0062] 
Table 1 
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Com 
pon 

ent 


Example 


Comparative Example 


1 


2 


3 


4 


5 


6 


1 


2 


3 


4 


5 


Multi-f unc 

tional 
epoxy resin 


A-1 


100 


100 


— 


80 


100 


90 


100 


100 


100 


100 


100 


TV O 

A— Z 


- 


- 


100 


- 


- 


- 


- 


- 


- 


- 




Initiator 


B-1 


3 


3 


3 


3 


3 


3 


_ 


_ 


_ 


_ 


_ 


B-2 


— 




— 


— 




_ 


3 


20 











B-3 


— 


— 


— 


— 


— 


_ 


_ 




3 


3 


3 


B-4 


_ 


_ 


— 


_ • 


— 


_ 













3 


Polymeric 

epoxy resin 


C 








20 


















D-1 


- 


1 


1 


1 


1 


1 


- 




- 






D-2 
















1 




1 


1 


Solvent 


E-1 


50 


50 


50 


50 






50 


50 


50 


50 


50 


E-2 










50 


50 












Others 


F 












10 












G 


- 


- 


- 


- 


1 


1 


- 


- 


- 


- 


- 


Exposure amount 
(mJ) 


300 


300 


300 


300 


300 


300 


600 


300 


600 


500 


500 


Thin wire 
adherence 
(pm) 


4 


4 


4 


4 


4 


4 


10 


6 


10 


6 


6 


Wire width 


8 


7 




















Heat shrinkage 

during 
post-baking ( %) 


<1 


<1 


<1 


<1 


<1 


<1 


6 


6 


<1 


<1 


8 



[0063] 

As known from Table 1, favorable results were observed in. 
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Examples 1 to 6. In Example 2, it was demonstrated that the 
addition of 1-naphthol allowed an increase in resist thickness 
to be controlled at no cost of its sensitivity. On the other 
hand, at least two of values for "required exposure amount", 
"thin wire adherence" and "heat shrinkage" in the Comparative 
Examples were larger than those in the Examples. 
[0064] 

Based on the result shown in Table 1, it was verified that 
by combining the multi-functional epoxy resin and the cation 
polymerization initiator, resin patterns with a high 
sensitivity and a low shrinkage in volume during heat-setting 
and having a high aspect ratio profile might be yielded. 
Although a too sensitivity may make the dimension of the resist 
pattern thicker than that of the mask when a radiation beam is 
irradiated with a space between them, it was also verified that 
the addition of the naphthol sensitizer might control an 
increase in resist thickness at no cost of its sensitivity. 

INDUSTRIAL APPLICABILITY 
[0065] 

As mentioned above, the photosensitive resin composition 
according to the present invention is useful in forming resin 
patterns having a high aspect ratio profile and in particular, 
suitable for forming resin patterns with a high dimensional 
stability for, for example, microscopic sizes of electronic 
devices . 



